Objectives: To redesign and simplify an existing decision algorithm for the management of patients who present to the emergency department with chest pain and left bundle branch block (LBBB) based on the Sgarbossa criteria. To compare its reliability with the current algorithm. Methods: A simplified algorithm was created and tested against the existing algorithm. Electrocardiograms (ECGs) of patients with LBBB were presented to 10 emergency department doctors with both old and new algorithms a week apart. Six ECGs displayed the relevant criteria for thrombolysis and had proven acute myocardial infarction (AMI) based on a gold standard of enzyme measurements. Subjects were asked whether or not they would thrombolyse a patient presenting with the given ECG using each of the algorithms as a guide.
T he electrocardiogram (ECG) features of myocardial infarction (MI) are notoriously difficult to identify in the presence of left bundle branch block (LBBB). 1 2 Consequently this has led to a reluctance or delay in the provision of thrombolysis to patients falling into this category. The beneficial effects of thrombolytic agents have long been known. 3 4 Patients with MI and LBBB on their presenting ECG form an important group, having amongst the highest mortality of all patients with MI but also having the greatest benefit from thrombolytic treatment. [4] [5] [6] Difficulty in interpreting the ECG of such patients can compromise their care.
Over the past decade various strategies to identify ECG characteristics of LBBB associated with acute myocardial infarction (AMI) have been proposed. [7] [8] [9] [10] Most of these have been unsuccessful, proving far too complex and difficult to interpret and apply, and making an already confusing situation worse. 9 11-13 One set of criteria that has gained a reasonable amount of support was proposed by Sgarbossa and colleagues (fig 1) . 14 They reviewed over 26 000 ECGs of patients enrolled in the GUSTO1 trial who had LBBB and MI confirmed on enzyme measurements and from these they devised three criteria that they found to have a high association with MI. They validated their criteria and their usefulness has been supported by several studies subsequently. 1 15 Anecdotal evidence suggests that as useful as the criteria are, they are under used in clinical practice and this may be due in part to the perceived difficulty in application of the concepts of concordant and discordant ST segment elevation. 1 2 11 16 Understandably, there remains a reluctance to expose patients to the potentially fatal risks of cerebrovascular haemorrhage given that a proportion of those with chest pain and LBBB are not infarcting.
1 Figure 2 shows an ECG with LBBB displaying Sgarbossa criteria for thrombolysis.
This study was undertaken to simplify the situation about the thrombolysis of patients with chest pain and LBBB.
METHODS
The three Sgarbossa criteria previously identified as having a high association with MI in patients with LBBB were reworded and simplified. The terms concordant and discordant ST segment elevation previously highlighted as causing the greatest confusion were removed. Based on these redefined criteria a simple flow treatment algorithm was created (fig 3) .
An ECG database was compiled from archives of patients presenting to the emergency department with chest pain and LBBB. From a pool of ECGs, 17 were selected for final presentation. Six of these were of patients who had been subsequently shown to have proven AMI (based on troponin and creatinine-kinase measurements) and also displayed some or all of the Sgarbossa criteria. The other 11 ECGs were from patients in whom a MI was excluded and none of the criteria were present.
The ECGs were presented to 10 emergency department Senior House Officers with a copy of the original Sgarbossa algorithm. Half the doctors were given the current algorithm to aid their interpretation and the other half the redesigned proforma. Each was asked to decide, on the basis only of the algorithm presented to them, whether or not they would thrombolyse a patient presenting with each ECG, given a history of chest pain and no contraindications. There was no preceding educational session about the intricacies of the application of the Sgarbossa criteria. The process was repeated a fortnight later, with each group using the alternative algorithm and without any exposure to either algorithm in the interim.
Responses were evaluated and subjected to statistical analysis.
RESULTS

Ten emergency department SHOs reviewed the 17 selected
ECGs and the appropriate data were accumulated following the 2 week collection period. Table 1 shows the number of candidates correct in assessing each case as being an MI or not. The mean number of correct diagnoses with the old algorithm was 6.8 compared with 8.5 using the modified algorithm. Application of the Wilcoxon test reveals that the number of candidates getting a correct diagnosis-that is, correct use of thrombolysis-was significantly greater with the new algorithm (p = 0.006). k Coefficients demonstrated better levels of agreement with the gold standard using the new algorithm compared with the old algorithm (table 2). Table 3 shows the sensitivity and specificity (%) comparing each candidate's assessments with the gold standard for the 17 cases. Overall sensitivity increased from 38-60%, whereas specificity rose from 85-99%.
DISCUSSION
The benefits of thrombolysis in patients with acute MI in the presence of LBBB are well documented. 3 Patients with LBBB have amongst the highest mortality of all patients with MI and also have the greatest potential benefit from thrombolysis. 4 Despite this, anecdotal evidence suggests that thrombolytic agents are still under used in patients with LBBB. 17 This may reflect a reluctance to administer potentially harmful agents to patients who may not be infarcting or may be because of difficulties arising from the interpretation of current criteria. 18 The Sgarbossa criteria and algorithm were developed as a solution. For algorithms to be of value, it is essential that they are easily followed and simple to apply in a practical situation. Anecdotal evidence suggests that although the criteria do have a role to play in the evaluation of ECGs showing LBBB, they are both difficult to apply and to interpret and are therefore underused. We endeavoured to create a new algorithm for the management of patients presenting with chest pain and LBBB, based upon the criteria described and validated by Sgarbossa, but one which would be easier to interpret and to apply and thus lead to a greater utilisation.
The original Sgarbossa algorithm incorporated a weighting system for their criteria so that each was associated with a different probability of MI.
14 This in part contributed to the complexity of the algorithm. Subsequent work has shown that the presence of any of the three predictive electrographic criteria had a high association with MI; 1 therefore, we have given each of the criteria an equal weighting in our new algorithm and thus eliminated the complexities associated with differential weighting and increased the sensitivity of the algorithm. It is important to recognise that there are inherent limitations associated with the Sgarbossa criteria and these are reproduced in the new algorithm. In the absence of any of the three criteria, there remains a significant possibility of myocardial ischaemia. However, the aim of the redesigned algorithm is to facilitate easier application of the existing criteria and therefore improve the recognition and thrombolysis of patients displaying them.
We have demonstrated, using our new algorithm, a higher rate of correct application of the Sgarbossa criteria, which in practical terms would correspond to a higher rate of thrombolysis in patients with LBBB. We have further demonstrated that the new algorithm has higher sensitivity and specificity for detecting acute MI in our sample. The k scores demonstrate a good level of interobserver agreement with the gold standard.
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ST elevation > 1 mm
In leads where QRS is predominantly positive
In leads V1, V2, V3
ST elevation > 5 mm
In leads where QRS is predominantly negative (leads V1, V2 or V3)
ANY of the following criteria
Thrombolyse if no contraindications
Patient with chest pain and LBBB carried out a decision analysis using a retrospective cohort study to which a decision-based analysis was applied.
11 They calculated that among 1000 patients with LBBB and chest pain, more would survive without major haemorrhage if all received thrombolysis than if the Sgarbossa ECG algorithm was used as a screening test. They concluded that the ECG is a poor predictor of MI in patients with LBBB and acute cardiopulmonary symptoms and therefore acute thrombolytic treatment should be considered for all patients with LBBB who have symptoms consistent with MI. The low sensitivity of the ECG criteria may be explained by idiosyncratic characteristics of the studied population and the benefits of thrombolysis may have been amplified by assumptions in the decision analysis. However, this is still the course of action currently recommended by the American Cardiac Congress and the American Heart Association. 19 Li et al carried out a retrospective cohort study in an attempt to validate the Sgarbossa criteria. 2 They reviewed the ECGs of 190 patients who had presented with chest pain and LBBB on the initial ECG. Twenty five patients (13%) had MI confirmed based on CK-MB measurement. Although they found the criteria to be very specific for MI (93-100%), their sensitivities for detection were low (0-16%) giving a poor negative likelihood ratio. They concluded from this study that the criteria cannot be used to exclude MI in patients with LBBB. However, the authors recognised that although the criteria were unsuitable for exclusion of MI, their high specificity meant that when they are present there was a very high association with MI and thus a good case is presented for thrombolytic treatment in the absence of contraindications.
Clearly the situation remains complex. A ''thrombolysis for all'' approach is difficult to justify considering the potentially large proportion of infarct-free patients. 1 Until we have the facilities for primary angioplasty for all patients with suspected acute infarction, difficult decisions about the thrombolysis of patients with LBBB will undoubtedly have to be taken. Until such a time, we must rely upon the resources currently available to us, and thrombolysis of those patients who are deemed to be at highest risk of infarction on the basis of a good history and examination findings would seem sensible and in keeping with current practice in many departments. 21 Low sensitivities mean that the Sgarbossa criteria are of little value as a ''rule out'' tool for AMI as they are all too often absent in the presence of infarction. 2 21 This does not mean that they do not have a role to play in the diagnostic process. The criteria are highly specific and can be reliably used as a confirmatory test to ''rule in'' AMI in patients with LBBB. 2 20 Although not the ideal solution to the problem of the management of patients who present with chest pain and LBBB, the Sgarbossa criteria ensure that at least some of the patients with AMI will receive thrombolysis. The results of our limited study suggest that the new algorithm improves the application of the Sgarbossa criteria and could thus lead to the safe, appropriate, thrombolysis of more patients. More work on a larger scale will be needed to confirm this benefit. University 
